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@ An Ink jet printer recording head (10) in which a 
plurality of vibrating plates (14) made of a piezoelec- 
tric material are fixedly spaced form a nozzle plate 
(11) such that the small gap therebetween admits a 
portion of Ink. The surface of each vibrating plate 
(14) is integrally provided with a pair of positive and 
negative comb-type electrodes (17, 18). By applying 
a voltage across tliese comt>-type electrodes (17. 
18). the vibrating plates (14) are bent toward the 
nozzles (12) to pressure the ink and attendantly eject 
the Ink through the nozzles (12) In the form of Ink 
droplets on a recording stieet 




Ul 



1 



EP 0 416 540 A2 



2 



INK JET PRINTER RECORDING HEAD 



This invention relates to an ink jet printer re- 
cording head wliich records an image on a record- 
ing medium by ejecting inl< droplets. 

Disclosed in Japanese Patent Examined Pul>- 
fication No. 8957/1985 is an on-demand type ink jet 
printer, in which piezoelectric conversion members 
are fonmed behind and slightly spaced apart from a 
substrate having nozzles thereby leaving a small 
gap between each piezoelectric conversion mem- 
ber and the substrate. A voltage is applied to the 
piezoelectric conversion members to cause them 
to be displaced thereby pressuring ink present 
between the piezoelectric conversion members and 
the substrate to attendantJy eject the pressured Ink 
through the nozzles In the fontt of ink droplets. 

Compared to a general Ink Jet prlntsr In which 
the Ink Is ejected by changing the volume of the 
ink chamber using the piezoelectric conversion 
memt)ers and by guiding the Ink within the Ink 
chamber to nozzles, the ink jet printer described 
above has each piezoelectric conversion member 
positioned adjacent to each nozzle and is displaced 
in the axial direction of the nozzle, so that it not 
only shortens the flow path of the ink and enhances 
^e ink ejection efficiency and stability but is ad- 
vantageous in that the piezoelectric conver^on 
memt>er can be operated without such distur- 
bances as infiltration of air bubbles or dust in the 
Ink. 

In such an ink jet printer it is the gap between 
each piezoelectric conversion member and the 
substrate that plays an important n^le in determin- 
ing the ejection speed and amount of discharged 
Ink droplets, or the ejection response. In general, 
each piezoelectric conversion member, with its 
construction involving a laminate formed of a piezo- 
electric element and a metal plate, is subject to 
warp due to differences in thermal expansion co- 
efficients of these two materials, thereby making it 
imposable to maintain a constant distance between 
the piezoelectric conversion member and the sub- 
strate. As a resuit. there exists not only the prob- 
lem that the level of density fluctuates depending 
on the temperature, but also the extreme diffteulty 
of making the piezoelectric converston memt>er 
thin thus losing the advantage of reducing the 
required drive voltage. 

An object of the present invention is. therefore, 
to provide an ink jet printer recording head that 
alk)ws a thinner piezoelectric conversion member 
to be formed that can be driven at a lower voltage, 
and when^n a constant gap can tie maintained 
t)etween each piezoelectric conversion memtier 
and tfie substrate. 

This object Is solved by the Ink jet printer 



recording head of Independent claims 1 and 6. 
Further advantageous features of the invention are 
evident from the dependent claims, the following 
description and drawings. 
5 The claims are intended to be a first non- 

limiting approach of defining the invention in gen- 
eral terms. 

To achieve the above object, the present in- 
vention provides an ink jet printer recording head, 
10 in which a pair of positively and negatively po- 
larized coml>-type electrodes are formed on tiie 
surface of an ink pressuring member equals vibrat- 
ing plates made of a piezoelectric material to tiiere- 
by allow each ink pressuring member to be directly 
16 deformed by applying a voltage across both comb- 
type electrodes. 

Anotiier object of the present invention Is to 
deform each ink pressuring memiser more effir 
clentiy. To this end, Iwth the upper surface and the 
20 lower surface of tiie ink pressuring member are 
provided with a pair of positive and negative com\> 
type electrodes. Alternatively, the comb-type elec- 
trodes can be formed in eltiier tiie upper surface 
only or the lower surface only, so long as care Is 
26 taten regarding the orientation of the comb-type 
electrodes in tiie vicinity of tiie pressuring memt>er 
facing the nozzle, as well as the differentiy oriented 
comb-type electrodes In other regions of the. ink 
pressuring member. 
30 Still anotiier object of tine present invention Is 
to construct tine Ink jet printer recording head more 
simply. To tills end. in the present invention, the 
surface of each Ink pressuring member formed of a 
piezoelectric material Is not only provided witfi a 
35 pair of positively and negatively polarized comb- 
type eledtrodes, but Is also provided with an ink 
ejecting nozzle to cause ink droplets to be ejected 
directly from the deformed ink pressuring memt)er, 
thus obviating tiie need for a nozzle plate. 
40 Rg. 1 is a partially exploded view showing a 
recording head according to a first emkxxJiment 
of the present Invention; 

Rg. 2 is a view showing an ink jet printer having 
the recording head of the present invention: 

45 Figs. 3a and 3b are views respectively showing 
tiie states before and after deformation at the 
middle region of tiie vibrating plate of Figure 1. 
Figs. 4a and 4b are views respectively showing 
the states before and after deformation at tx)th 

so ends of the vibrating plate of Rgure 1; 

Ftgs. Sa and 5b are views respectively showing 
tiie operation of ejecting ink by tiie vibrating 
plate of Figure 1; 

Fig. 6a is a view showing tiie main portion of a 
recording head according to a second emtxxli- 
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ment of the present invention; and Fig. 6b is a 
view showing the back of a vibrating plate there- 

. ot 

Rg. 7 is a view showing the operation of ejec- 
ting the ink by the vibrating plate of Fig. 6a: 
Rg. 8a is a view showing the main portion of a 
recording head according to a third embodiment 
of the present invention; and Hg. 8b is a view 
showing the back of a vibrating plate thereof; 
Rg. 9a is a view showing the main portion of a 
recording head according to a fourth embodi- 
ment of the present Invention; and Rg. 9b is a 
view showing the back of a vibrating plate there- 
of; 

Rg. 10 Is a view showing the operation of ejec- 
ting the ink by the cantilever-type vibrating plate 
of Rgures 8a and 9b; 

Rg. 1 1 is an exploded view showing a recording 
head according to a fifth embodiment of the 
present invention; 

Rgs. 12a and 12b are views respectively show- 
ing electrode patterns to be fomned on a vibrat- 
ing plate thereof; 

Rg. 13 is a view showing the operation of ejec- 
ting the ink by the vibrating plate; 
Rg, 14a arKi 14b are views respectively showing 
a recording head according to a sixth embodi- 
ment of the present invention and its operation 
of ejecting the ink. 

Rg. 1 is a partially enlarged view showing a 
typical recording head according to a first emtxidi- 
ment of the present invention. 

This recording head is to be applied to an ink 
jet printer shovm in Rg. 2. The ink jet printer 
recording head 10 is constructed so that it travels 
in the axial direction of a platen 4 and reconds a 
desired image on the surface of a recording sheet 
3 that IS forwarded by rotation of the platen 4 in the 
direction indicated by the arrow. 

This recording head ID comprises a nozzle 
plate 11 and vibrating plates 14 made of a piezo- 
electric matarial. The nozzle plate 11' is provided 
with a plurality of nozzles 12 arrayed from the 
upper left to the lower right in Rg. 1. On the nozzle 
plate 11 are 10-20 urn thick gap plates 13 that are 
bonded so as to interpose the nozzle 12 there- 
t>etween. These gap plates 13 may be unitized with 
the nozzle plate 11, 

Each vibrating plate 14 serves as an ink pres- 
suring member that pressures that Ink introduced 
Into a gap formed between the nozzle plate 1 1 and 
the vibrating plate itself, and ejects the pressured 
Ink on a recording sheet from its nozzle 12. The 
\dbrating plate 14 Is stretched over the gap plates 
13 such that a predetermined gap Is formed with 
the nozzle plate 11. Each vibrating plate 14 is 
constructed having a thickness of 100 urn. and a 
width of only 034 mm. The nanrower width of each 



vibrating plate 1 1 corresponds to the pitch between 
the nozzles 12 so as to allow each nozzle 12 to 
eject ink independently of the others. Each vibrat- 
ing plate is bonded on the gap plates 13. It may be 

5 arranged by bonding a large width vibrating plate 
on the gap plates 13 and by cutting this vibrating 
plate with a dicing saw or photoetching it is sepa- 
rated into a plurality of narrow width vibrating 
plates 14 corresponding to their respective nozzles. 

10 Each vibrating plate 14 has electrodes integ- 

rally patterned on an upper surface 14a opposite to 
the nozzle plate 11 so that a positive comb-type 
electrode 17 and a negative comb-type electrode 
18 can tje meshed with each other. These elec- 
ts trodes 17, 18 are connected to a power supply. 

The comb-type electrodes 17. 18 serve to de- 
form the vibrating plate 14 by a voltage applied 
therebetween and It Is desirable to set the pitch 
between their teeth to about half the thickness of 

20 the vibrating plate 14. The comb-type electrodes 
17, 18 are formed so that their teeth extend In a 
longitudinal direction along the vibrating plate 14 at 
the middle region Lc right above the nozzle 12, but 
extend In a horizontal direction across the vibrating 

26 plate 14 at fc)Oth end regions Ls. 

Upon application of a unidirectionally pulsed 
voltage between tiie comb-type electrodes 17, IB. 
an electric field as shown in Rg. 3a is produced In 
directions of arrow E between both electrodes 17, 

30 18 at the middle r^ion Ix, and strains are pro- 
duced botii in the direction of anrow y which Is 
parallel to the etectrlc field and in tiie directions of 
arrows x and z which are perpendicular thereto, 
respectively. V\rrth respect to the strains produced 

35 In the directions along (x direction) and across {z 
direction) the vibrating plate 14, tiie electric field 
intensity is larger on the upper surface 14a where 
the electrode pattern is formed. TTiis causes tiie 
upper surface 14a to contract both lengtiiwlse and 

40 wfdtiiwise at the middle region Lc of the vibrating 
plate 14. thereby producing larger strains iengtiv 
wtse. As a result the vibrating plate is bent in such 
a way that the upper surface, i.e.. the surface 14a 
opposite to the nozzle plate 11. concaves as shown 

4s in Rg. 3b. 

On tiie otiier hand, at the end regions Ls, when 
an electric field Is produced In the direction of 
arrow E between both electat^des 17. 18 as shown 
in Rg. 4a, strains are likewise produced both in the 

60 direction of arrow y which Is parallel to the electric 
field and in tiie directions of arrows x and z which 
are perpendicular thereto, respectively. And with 
respect to the strains produced. in the direction of 
arrow y, the electric field intehsi^ ls larger on the 

S6 surface 14a where tfie eiedrcides. 17, 18 are 
fbrnned, and this causes the surface 14a to be 
elongated botii lengthwise and widtiiwise, thereby 
producing larger strains lengtiiwise thereon. As a 
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result the vibrating plate 14 is bent downward with 
each gap plate 13 as a futcrutn: t.e., the surface 
14a opposite to the nozzle plate 11 convexes as 
shown in Fig. 4b. 

Thus, each vibrating plate 14 is deformed in s 
such a way that the surface 14a concaves at the 
middle region Lc and convexes at tiie end regions 
Ls. respectively. As a result, the vibrating plate 14 
pressures the ink present t>etwe6n the nozzle plate 
11 and itself and ejects the pressured ink In the io 
iom of ink droplets on a recording sheet (not 
shown) from its nozzle 1 2- 

The maximum vibrating frequency of each 
vibrating plate 14 is determined by the Young's 
modulus of a piezoelectric material and the dimer>- is 
sions of the vifc>rating plate iteeH. According to an 
experiment it was possible to eject the .ink at a 
frequency of about 6 KHz. Although the comb-type 
electrodes 17. 18 in this embodiment are formed 
so as to be oriented differently at the middle region zo 
Lc and at the end regions Ls of eacli vibrating plate 
14. they may be formed only at the middle region 
Lc to cause the vibrating plate 14 to l^e bent in a 
desired direction. 

i=lgs. 8. 8. and 9 show embodiments of the 25 
present invention in which the comb-type elec- 
trodes are formed on both surface of each vibrating 
plate so that the vibrating plate can be bent more 
efficiently. 

In a second embodiment shown in Fig. 6, each 30 
of vibrating plates 24 is fixed while stretched over 
gap plates 23 that are arranged on both sides of a 
nozzle plate 21 in a manner similar to that in the 
first emtiodiment shown In Fig. 1. 

On an upper surface 24a opposite to the noz- 35 
zle plate 21 of the vibrating plate 24, as ^own in 
Rg. 6a, a pair of comtntype electrodes 27a. 2aa 
are formed so as to be meshed wKh each other 
along the vibrating plate 24 at the middle region 
whteh is right above a nozzle 22. On the lower 40 
surface 24b facing the nozzle plate 21, as shown in 
Rg. 6b, are a pair of ccffnb-type electrodes 27b, 
28b connected to the electrodes, 27a, 28a ar- 
ranged on the upper surface through an end sur- 
face 24c. In contrast to the electrode pattern 45 
fomied on the upper surface 24a, these comb-type 
electrodes 27b, 28b are patterned so that they are 
meshed with each other in the longitudinal direction 
at both ends of the vibrating plate 24. 

Upon application of a voHage across ixith elec- so 
trodes 27. 28 tomried on the upper and tower 
surfaces 24a and 24b, the Gomt>-typ6 electrodes 
27a, 28a et the middle region cause that region to 
contract while on the lower surface 24b, the comb- 
type electrodes 27b. 28b disposed at both ends 65 
cause these ends to contract as previously de- 
scribed with reference to Rg. 3. As a result each 
vibrating plate 24 is t^ent with tfie mkldie region 



toward the nozzle 22 as shown in Rg. 7 thereby 
pressuring the ink in that region and ejecting it in 
the form of ink droplets through the nozzle 22. 

A third embodiment shown in Rg. 8 has posi- 
tively and negatively poiarized comt>-type elec- 
trodes 37, 38 formed on both upper and lower 
surfaces so as to face each other across a vibrating 
plate 34. That Is. on an upper surface 34a opposite 
to a nozzle plate 31 of the vibrating plate 34 are 
both comtHtype electrodes 37a, 38a formed at both 
ends, whereas on the lower surface 34b facing the 
nozzle plate 31 are both comb-type electrodes 37b, 
38b patterned at the middle region, as shown In 
Rg. 8b. These electrodes 37b, 38b are connected 
to the electrodes 37a, 38a through an end surface 
34c of the vibrating plate 34. 

Also in this embodiment similar .to Rg. 7, on 
the upper surface 34a of the vibrating plate 34. the 
comb-typo electrodes 37a. 3aa at boUi end regions . 
cause such regions of the upper surface 34a to be 
elongated while the electrodes 37b. 38b at the 
middle region cause such region of the lower sur- 
face 34b to be elongated. As a result the vibrating 
plate 34 is bent toward the nozzle 32. 

Rg. 9 shows a fourth embodiment in which 
each of vibrating plates is fomned as a cantilever 
and has comb-type electrodes arranged on botin 
surfaces thereof. 

On a gap plate 43 fixed on one surface of a 
nozzle plate 41 Is the base end of each vibrating 
piate 44 that extends so that tts free end covers a 
nozzle 42. On the vibrating plate 44 are a pair of 
positive and negative comt>-type electrodes 47a, 
48a on an upper surface 44a opposite to the nozzle 
plate 41 so that these electrodes face each other 
across the vibrating plate. Further, on the lower 
surface 44b facing the nozzle plate are coml>-type 
electrodes 47b, 48b formed so that their teeth are 
meshed with each other along the vibrating plate 
44 as shown In Fig. 9b, These electrodes 47b. 48b 
aiB connected to the electrodes 47a. 48a through 
an end surface 44c of vibrating plate 44. 

In this emt)0diment upon application of a volt- 
age across these electrodes 47, 48, the..comt>-type 
electrodes 47a. 48a on the upper surface 44a 
cause this upper surface to elongate while the 
comb-type electrodes 47b, 48b on the lower sur- 
face 44b cause the lower surface to contract as 
shown in Rg. 10. As a result the vibrating plate 44 
is bent ite free end tx>wed toward the nozzle 
42 to thereby pressure the ink present between the 
nozzle plate 41 and the vibrating plate 44 and eject 
the pressured ink in the form of ink droplete 
through the nozzle 42. 

Rgures 9a and 8b show tiie comb-type elec- 
trodes 47, 48 formed on both upper and lower 
surfaces of each cantilever-type vibrating plate 44. 
However, the advantege similar to that described 
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above may be provided by forming the comb-type 
electrodes 47. 48 only on the upper surface 44a 
opposite to the nozzle plate 41 . 

In contrast thereto, a fifth embodiment which is 
shown In Rg. 11 et seq . has each nozzle formed 
on each vibrating "pTateTtself to make the recording 
head simpler and thinner in design. 

I=ig. 11 shows the general construction of this 
fifth embodiment The recording head 50 com- 
prises a frame 51 and an ink pressuring member 
55 fixed on the frame. The frame 51 Is formed as a 
plate-like block that is E-shaped In cross section 
extending in the direction of arraying the nozzles 
52. On both sides of the frame are projections 51a 
supporting the ink pressuring member 55. Between 
the ink containing grooves 51b in the middle region 
facing the nozzles 52 pf the ink pressuring member 
55, there Is formed integrally with frame 51 a gap 
forming projection 61c that creates a gap of about 
10 iLtn together with the vibrating plate 54. 

The ink pressuring member 55 comprises a 
plurality of vibrating plates 54 separated from each 
other by slits 56. On each vibrating plate 54 is a 
nozzle 52 arranged at the middle in the longitudinal 
direction thereof- 

As shown in Fig. 12a. each vibrating plate 54 
has a positive comb-type electrode 57 connected 
to an individual signal electrode 57c and a negative 
comb-type electrode 58 connected to the common 
electrode 58c on a surface 54a that does not come 
In contact with the Ink. These comb-type elec- 
trodes 57, 58 are formed so that one or more comb 
tooth-like electrodes extending inward from both 
ends of the vibrating plate 54 can be meshed at 
the middle region Lc where a nozzle 52 is formed. 

In f=tg. 11, reference numeral 59 designates a 
seal body made of a soft resin material bonded on 
the upper surface of the Ink pressuring member K 
to prevent leakage of the ink from the slits 58. This 
seal body 59 Is provided with holes 59a not to 
hinder the ejection of ink from the nozzles 52. 

In this embodiment, upon application of a volt- 
age across the common electrode 58c and one or 
more selected signal electrodes 57c. the respective 
comb-type electrode 57, 58 on the vibrating plates 
54 connected to these common and signal elec- 
trodes cause these selected vibrating plates 54 to 
be bent toward the gap forming projection 51c as 
shown in Rg. 13 thereby to Increase the pressure 
on the ink on the periphery of the gap forming 
projection 51c and eject the pressured ink toward a 
recording sheet from the nozzles of these selected 
vibrating plates 54. 

Rg. 12b shows another embodiment of the 
electrode pattern to be fbnned on each vibrating 
plats. 

In W9 embodiment, a positive comb-type elec- 
trode 67 and a negative comb-like electrode 68 are 



formed so as to face each ottier on lx)th ends 
except for the middle region Lc of each vibrating 
plate 64 where a nozzle 62 is fonmed. 

It is noted tiiat the fifth embodiment shown in 
5 Rg. 1 1 is an example in which each vibrating plate 
54 having the nozzle 52 is separated by tiie silts 56 
so as to allow the vibrating plates to operate in- 
dependentiy of each other. 

Rg. 14 straws a sixth embodiment so con- 
70 structed that only selected nozzle forming portions 
can be deformed using a single Ink pressuring 
member. 

An Ink pressuring member 75 fixed on support- 
ing projected groove portions 71a of a frame 71 is 

16 made up of a plate body formed of a single piezo- 
electric material. On Ink pressuring member 75 are 
a plurality of nozzles 72 arrayed in a direction 
along a gap farming projected groove portion 71c 
tocatad at the middle of tiie frame 71 . On an upper 

20 surface 75a that does not come in contact with the 
ink pressuring member 53 are a positive annular 
comb-type electrode 77 connected to an individual 
signal elecfrode 77c and a negative electrode 78 
formed concentrically with each nozzle 72 so as to 

2S surround the nozzle 72. 

Upon application of a voltage across the se- 
lected one or more signal eiecfrodes 77c and a 
common electrode 78c. both annular comb-type 
electrodes . 77, 78 cause a middle region l-c sur- 

90 rounding the corresponding nozzles 72 to be bent 
toward the gap forming projected groove portion 
71c, tiiereby pressuring the ink in tiiat region and 
ejecting the pressured ink in the form of ink 
droplets tirnwgh the con^espondlng nozzles 72. 

3S 

Claims 

1. An ink jet printer recording head comprising two 
40 confronting memk>ers witii a small gap for admitting 

a portion of ink therebetween, one of said two 
members being made of a piezoelectric material to 
form an Ink pressuring member, wherein one of 
said members Is provided mth an Ink ejecting 
45 nozzle and at least one surfoce of said member is 
provided witii a pair of positively and negatively 
polarized comb-type electrodes. 

2. The ink jet member of claim 1, wherein tiie one 
of said members forming the ink pressuring mem- 

50 ber Is provided witii the ink ejecting nozzle (52) 
and a surface of said member is provided with the 
psur of positively and negatively polarized comeb- 
fype electrodes (57. 58). 

3. The Ink jet printer reoording head according to 
66 claim 2, wherein said surface of said ink pressuring 

member (71) Is provided with a pair of positively 
and negatively polarized annular comb-type elec- 
trodes (77, 78) so as to surround said nozzle (72). 
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4. The ink jet printer recording head according to 
disAm 2 or 3. wherein said ink pressuring memtjer 
(50) is provided with a plurality of slits (56) to form 
a plurality of compartments, each consisting of a 
strip having a nozzle (52) thereon, and wherein a 5 
surface of each strip (54) Is provided with a pair of 
positively and negatively polarized comb-type elec- 
trodes. 

5. The ink Jet printer recording head according to 

one of claims 2 to 4. further comprising a gap io 
forming projection (51c, 71c) which Is provided 
opposite said ink ejecHon nozzle (52; 72). 

6. An ink jet printer recording head (10) especially 
according to claim 1 comprising two confronting 
members (11. 14; 21. 24) with a small gap for is 
admitting a portion of ink therebetween, one of said 

two members (11; 21) being provided with an ink 
ejecting nozzle (12; 22) and the other (14; 24) of 
said two members being made of a piezoelectric 
material to serve as an ink pressuring memlser. 20 
wherein at least one surface (14a; 24a. 24b) of said 
ink pressuring member is provided with a pair of 
positively and negatively polarized comb-type elec- 
trodes (17. 18; 27a. 2aa. 27b. 28) such that a 
voltage applied across both of said electrodes de- 25 
forms said ink pressuring member toward said noz- 
zle (12; 22) thereby ejecting ink droplets through 
said nozzle (12; 22). 

7. The ink jet printer recording head (10) according 

to claim 6. wherein only one surface of said ink so 
pressuring member is provided with a pair of posi- 
tively and negatively polarized comb-lype elec- 
trodes (17. 18). 

8. The Ink Jet printer recording head according to 
claim 6, wherein both an upper and a tower surface 35 
of said ink pressuring member (21) are provided 

with a pair of positively and negatively polarized 
comb-type electrodes (27a, 28a; 27b. 28b), 

9. The ink jet printer recording head according to 

one of claims 6 to 8. wherein one portion (Lc) on a 40 
surf&ce of said Ink presswing member (14) cor- 
responding to a position where a nozzle (12) Is 
anranged is provided with a pair of positively and 
negatively polarized comb-type electrodes having a 
first orientation, and the other portions (Ls) of said 46 
surface of said Ink pressuring member are pro- 
vided with a pair of positively and negatively po- 
larized oomb-type electrodes having a second ori- 
entation. 

10. The ink jet printer recording head according to so 
one of claims 6 to 0, wherein said ink pressuring 
member (44) is of a cantilever-type. 
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